p270 (ARID1A) is a member of the ARID family of DNA-binding proteins and a subunit of human SWI/SNF-related complexes, which use the energy generated by an integral ATPase subunit to remodel chromatin. ARID1B is an independent gene product with an open reading frame that is more than 60 % identical with p270. We have generated monoclonal antibodies specific for either p270 or ARID1B to facilitate the investigation of ARID1B and its potential interaction with human SWI/SNF complexes in vivo.
INTRODUCTION
SWI/SNF-related complexes are chromatin-remodelling complexes that play fundamental roles in the regulation of gene expression during cell growth and development in all eukaryotes. Individual human SWI/SNF complexes contain at least eight identified proteins, but these complexes are not completely defined and they can exist in multiple forms (see [1] [2] [3] [4] for recent reviews). However, an essential component of the complexes is an ATPase of the SWI2/SNF2 family. Human complexes can contain either of the two related but distinct ATPases, BRG1 and hBRM [5, 6] .
Human SWI/SNF complexes also include a large subunit that contains a DNA-binding domain of the ARID family. This 270 kDa protein, p270, shares antigenic specificity with the chromatin-modifying histone acetyltransferases p300 and CBP [7, 8] , although p270-containing complexes do not show histone acetyltransferase activity [8] . Analysis of p270-associated proteins revealed that p270 is a component of human SWI/SNF complexes, and cloning of the p270 cDNA suggested that p270 is an orthologue of yeast SWI1 [8, 9] . Cloning of a BRG1-associated factor, designated BAF250, with a cDNA sequence co-linear with p270 independently confirmed the presence of p270 in the complexes [10] .
p270 is expressed in all the human tissues examined [9, 10] . The most prominent feature seen in the p270 open reading frame is the presence of an ARID DNA-binding domain. This is a recently defined helix-turn-helix-based domain, typical of a family that includes at least 15 distinct human proteins suggested to play a role in the regulation of development, tissue-specific gene expression and/or cell proliferation (reviewed in [11] [12] [13] ). p270 binds linear duplex DNA depending on the integrity of the ARID consensus sequence [9] . Some ARID family members bind selectively to AT-rich sequences, a behaviour that prompted the acronym ARID (AT-rich interactive domain); in contrast, p270 and its closest Drosophila counterpart, Osa, do not select oligonucleotides of any preferred sequence from a random pool [9, 13, 14] . Other recognizable features in p270 include glutamine-rich regions and multiple LXXLL motifs (where L stands for leucine and X for any amino acid), which are generally indicative of a potential for association with liganded nuclear hormone receptors [15, 16] . The p270 (synonym: BAF250) subunit is one of many components of SWI/SNF complexes that appear to interact directly with the glucocorticoid receptor [10, 17] , and the exogenously introduced expression of p270 can stimulate expression from a glucocorticoid receptor-dependent reporter construct [10, 18] .
A specific search for large open reading frames expressed in the human brain revealed a partial cDNA, designated KIAA1235, which is closely related to p270 [19] . This cDNA has been isolated and its characterization has begun in several laboratories under various names (p250R, hELD/OSA1, hOSA2 or BAF250B; [18,20 -22] ). The Human Genome Organization Gene Nomenclature Committee and the Mouse Genomic Nomenclature Committee have recently recommended that ARID family members carry gene designations that reflect their relationship. According to this scheme, the p270 and KIAA1235 genes, which map to the chromosomal loci 1p35.3 and 6q25.1 respectively, are designated ARID1A and ARID1B respectively. Since the ARID1B gene product does not have a widely accepted common name, we adopt the latter designation in the present study for both the gene and the protein.
The apparent full-length sequence of ARID1B is described in Nie et al. [22] . ARID1B and p270 are more than 60 % identical across their entire lengths. The ARID consensus is intact in ARID1B, but the exons encoding the glutamine-rich regions are shorter, essentially eliminating the pattern of glutamine enrichment. The pattern of LXXLL motifs is also somewhat different. Regardless of these differences, ARID1B can activate the expression from androgen, oestrogen and glucocorticoid receptordependent reporter constructs in co-transfection assays [18] .
Although p270 and ARID1B behave similarly in transient transfection assays, their patterns of expression differ during early primate development, suggesting that the proteins have different functions in vivo [23] . A central question in the composition of the complexes is whether p270 and ARID1B are present together, similar to the closely related proteins BAF170 and BAF155, or whether they are mutually exclusive, similar to the alternative ATPases, BRG1 and hBRM. This issue has been examined, but not resolved. One report [18] concluded from in vitro association assays and immunocomplex analysis that both ATPases associate with ARID1B (synonym: hOSA2). However, this study did not establish whether p270 and ARID1B are in separate complexes. Another study, using immunocomplex analysis, concluded that p270 and ARID1B (synonym: BAF250b) are in separate complexes, but MS analysis of the associated proteins led these investigators to conclude that ARID1B associates only with BRG1 and not with hBRM [22] .
We have generated mAbs (monoclonal antibodies) specific for either p270 or ARID1B to facilitate comparative analysis of these proteins in vivo. The immunocomplexes demonstrate directly that endogenous ARID1B is associated with SWI/SNF complexes and indicate that p270 and ARID1B, similar to BRG1 and hBRM, are alternative, mutually exclusive subunits of the complexes. The ARID-containing subunits are not specific to the ATPases. Each associates with both BRG1 and hBRM, thus increasing the number of distinct subunit combinations known to be present in cells. Analysis of panels of cell lines indicates that ARID1B, similar to p270, has a broad tissue distribution. The ratio of p270 to ARID1B in typical cells is approx. 3.5:1, and BRG1 is distributed proportionally between the two ARID subunits. Analysis of DNAbinding behaviour indicates that ARID1B binds DNA in a nonsequence-specific manner similar to p270.
MATERIALS AND METHODS

Immunoprecipitation
Cells were harvested in PBS, pelleted and lysed in Tris lysis buffer [250 mM NaCl, 0.1 % NP40 (Nonidet P40), 40 mM Tris (pH 7.4) and 1 mM DTT (dithiothreitol), supplemented with the following protease inhibitors at a final concentration as indicated: aprotinin (1.0 µg/ml), leupeptin (1.0 µg/ml) and pepstatin (1.0 µg/ml)]. Immunoprecipitation was performed as described previously [8] .
Immunoblotting
Preconfluent cells were harvested in PBS. Cells were lysed, and proteins were separated on 8 % gels, transferred on to an Immobilon-P membrane (Millipore) and visualized as described previously [8] or by using a chemiluminescence system (NEL602; NEN).
Northern blots
Poly(A)
+ (polyadenylated)-selected RNA was prepared from appropriate cell cultures using TRI Reagent (Sigma), and PolyATract mRNA Isolation System (Promega) according to the supplier's instructions. Then, 18 µg of RNA was loaded per lane and fractionated by electrophoresis on a 0.7 % formaldehydeagarose gel. The RNA was transferred on to a Hybond-N nylon membrane (Amersham Biosciences, Arlington Heights, IL, U.S.A.) and cross-linked by UV irradiation and baking at 80
• C. 32 P-labelled probes were prepared using a random-primed labelling kit (Boehringer Mannheim). Between successive probes, blots were stripped by boiling in 0.1 % SDS. The specificity of the probes was verified by hybridization with plasmid DNA under the same conditions.
Probes
A p270 probe hybridizing to the middle region of the 270 kDa protein was generated by PCR from the plasmid pNHXSS98, which contains the p270 cDNA sequence reported in [9] , using the primer sequences TACCAGCAGAACTCCATGGGGAGCTAT and TTTCTTGGGTTTTCCGGTTCATGC. An ARID1B probe hybridizing to the corresponding region of ARID1B was generated by PCR from the plasmid pfh08704 (a gift from Dr T. Nagase, Kazusa DNA Research Institute, Kisarazu, Chiba, Japan), which contains the ARID1B cDNA sequence from residues 1 to 5834 (according to accession number AB033061) in a pBluescript II vector, using the primer sequences TTCAGCAGAGTAACT-CAAGTGGGAC and TTACGGTTCACAGTTGGCATT. The β-actin probe was described previously [24] . 
Antibodies
The p270 mAb, PSG3, was raised against the pNDX2 GST (glutathione S-transferase)-fusion protein described previously [9] . The fusion protein contains 419 residues from the mid-portion of p270 and also contains the ARID. The BRG1-specific mAb, mAb 320.7, was raised against an N-terminal peptide sequence, STPDPPLGGTPRPG(T), corresponding to residues 2-15 of human BRG1. The BAF155-specific mAb, DXD7, was raised against a peptide sequence, EKPVDLQNFGLRTDIYSK(C), corresponding to residues 591-608 in the BAF155 sequence. The ARID1B mAb, KMN1, was raised against a GST-fusion protein product containing a portion of ARID1B roughly analogous to the p270 antigen. The fusion protein includes an optional additional ARID1B exon sequence noted in some cDNA versions; the amino acid sequence corresponds to residues 1-422 of accession number BAA86549, which is a middle region of ARID1B containing the ARID consensus. All hybridoma isolation work was performed at the St. Louis University Hybridoma Facility. A BRMderived antibody was purchased from Transduction Laboratories (B36320).
Expression plasmids
The in vitro translated constructs used in the antibody tests are pNHXSS98 (which expresses p270 residues 471-2285 according to accession number NM 006015) and pKM5 (which expresses the C-terminal portion of ARID1B corresponding to residues 1-1485 in the partial-sequence accession number BAA86549 described above). The p270 in vitro translation plasmid NE9-B2 used for the DNA-binding assay has been described previously [13] ; it expresses amino acid residues 901-1187, including the ARID consensus, which extends from residue 1013 to 1107. The ARID1B in vitro translation plasmid KM20 used for the DNA-binding assay contains an insert derived by PCR from the KM15 plasmid described previously [13] in the pCR2.1-TOPO vector (Invitrogen). The KM20 insert extends from 2003 to 2864 bp and expresses amino acids 658-944, including the ARID consensus, which extends from residue 768 to 864 (accession number AF253515). The GST-fusion protein constructs are p410 [Drosophila deadringer (Dri)] [25] , pNDX (p270) [9] and pKM19. Plasmid KM19 contains an ARID1B insert in a pGEX-4T-1 vector (Amersham Biosciences); the insert extends from 2174 to 3292 bp and expresses residues 715-1087, according to the same accession numbers cited above. The CMV (cytomegalovirus)-promoted mammalian expression constructs used were pNXCMV, which expresses p270 residues 471-2285 (according to accession number NM 006015), and pKM12. The pKM12 plasmid was generated by ligating a 3530-bp SalI-NotI restriction fragment of plasmid KIAA1235 (accession number AB033061; a gift from Dr T. Nagase) into the backbone of SalI-NotI-digested plasmid HRC04412 (accession number AK025945, a gift from Dr S. Sugano, Institute of Medical Science, The University of Tokyo). The resulting pKM12 plasmid expresses a 1706-residue C-terminal portion of ARID1B, and includes the optional additional 52-residue sequence described above.
In vitro expression
p270 and ARID1B cDNA fragments in appropriate plasmid vectors were used to generate [
35 S]methionine-labelled polypeptides using the TNT-coupled reticulocyte system (Promega).
Sequence-specific selection of DNA GST-fusion protein pull-down assays were performed as described previously [13, 14] . Restriction fragments were filled in with [α-32 P]dATP. Labelled DNA (0.8 µg) was incubated with 100 ng of GST-fusion protein bound to glutathione-agarose beads for 1 h at 4
• C in Lambda DNA-binding buffer [20 mM Hepes, pH 7.6, 1 mM EDTA, pH 8, 10 mM (NH 4 ) 2 SO 4 , 0.2 % Tween 20, 1 mM DTT, 25 µg/ml BSA and 25 µg/ml poly(dIdC) · (dI-dC)] containing varying amounts of KCl, as indicated in the text. The beads were washed three times with Lambda DNA-binding buffer without DTT, BSA and poly(dI-dC) · (dIdC). Bound DNA was eluted by boiling in formamide loading buffer (90 % formamide, 1 × TBE, 0.04 % Bromophenol Blue and 0.04 % xylene cyanol), separated on a 6 % sequencing gel and visualized by autoradiography.
DNA-cellulose chromatography
In vitro translated proteins were diluted in 1 bed volume (0.5 ml) of column loading buffer [10 mM potassium phosphate, pH 6.2, 0.5 % NP40, 10 % glycerol, 1 mM DTT, 1 mg/ml aprotinin, 1 mg/ml pepstatin and 1 mg/ml leupeptin], and applied to native DNA-cellulose columns (Amersham Biosciences). The protein sample was passed through the column four times. Unbound material is designated as flow-through. The columns were then washed several times with 1.0 bed volume of column loading buffer containing 50 mM NaCl (these are the 50 mM wash fractions) and then eluted stepwise with column loading buffer adjusted to contain increasing concentrations of NaCl from 100 to 800 mM, as indicated in the text. Fractions were analysed by SDS/PAGE. The signal on the dried gel was quantified using a PhosphoImager (Fuji) and associated software. The signal in each fraction was plotted as a percentage of the total recovered.
RESULTS
Generation of mAbs that distinguish the p270 and ARID1B proteins
The high degree of identity (over 60 % at the amino acid level) between p270 and ARID1B means that polyclonal antibodies may not distinguish these products clearly in vivo. Therefore we raised mAbs to each using GST-fusion proteins as antigens. After preliminary characterization of the resulting hybridoma cell lines, a p270-specific antibody-secreting line designated PSG3 and an ARID1B-specific antibody-secreting line designated KMN1 were selected. Immunoprecipitation and Western blotting of the respective products expressed in vivo and in vitro verified that the antibodies do not cross-react (Figure 1 ).
Expressions of p270 and ARID1B
Antibodies were used to screen the expression of p270 and ARID1B in a panel of common laboratory cell lines (Figure 2 ). These included HeLa (cervical carcinoma), SW13 (adenocarcinoma), PC-3 and DU145 (prostate cancer), Saos-2, MG 63, U2OS and OHS 50 (osteosarcomas), MCF-7 and MDA-MB-435s (breast carcinomas) and TSU-Pr1 (formerly considered to be a prostate carcinoma cell line; recently identified by Van Bokhoven et al. [26] as a derivative of the T24 bladder carcinoma cell line). ARID1B is detectable in each of these cell lines, but the signal is weaker than the p270 signal. Reaction of each of the antibodies against the respective purified GST-fusion proteins (not shown) indicates that the antibody signals are proportional to the respective amounts of proteins. The Western-blot signals, therefore, indicate that expression levels of ARID1B are generally 
(B). Aliquots of poly(A)
+ -selected RNA were separated by electrophoresis, transferred on to membranes and hybridized with the p270-or ARID1B-specific probes, as indicated in the Figure. lower than p270, although tissue distribution is widespread. Expression of ARID1B is generally strongest in the osteosarcoma cell lines, but there is variability.
To obtain a more quantitative comparison, expression levels in representative cell lines were also examined by Northern blotting (Figure 3) . Probes of comparable size from directly comparable regions of each cDNA were used to maximize the utility of the comparison. The specificity of the Northern-blot probes was verified against isolated cDNA under the same conditions as the Northern blot ( Figure 3A) . RNA was prepared by poly(A) + selection to optimize the clarity of the signal. The same blot was probed successively for p270, ARID1B and β-actin. To obtain a comparable signal, the ARID1B probe had to be exposed approx. four times longer than the p270 probe ( Figure 3B) . The RNA signals were roughly proportional to the protein signals, with expression consistently higher in Saos-2 cells when compared with, for example, HeLa cells. From quantification of these and other cell lines (not shown), we estimate the message level of p270 to be 3-4-fold higher than that of ARID1B. The Northern blots indicate a message size for ARID1B approx. 1 kb shorter than that of p270.
ARID1B and p270 are mutually exclusive components of human SWI/SNF-related complexes
Saos-2 cells were used to probe directly whether the endogenous ARID1B protein is associated with human SWI/SNF complexes. An antibody to BAF155, a ubiquitous component of the SWI/SNF family of complexes (composition reviewed in [4] ), was used to pull down the complexes from Saos-2 cells where ARID1B is well expressed. The isolated immunocomplexes were reactive with both the p270-specific and ARID1B-specific antibodies (Figure 4,  lanes 1 and 2) . In contrast, when the complexes were isolated using the p270-specific antibodies, ARID1B was not detected (lane 3). Similarly, when the complex was immunoprecipitated with ARID1B-specific antibodies, no p270 could be detected (lane 4), although a p270 signal is present in complexes isolated in parallel with the BAF155-specific antibody (lane 5). Additional controls confirm the presence of other major complex components in the ARID1B and p270-specific lanes (see e.g. Figure 5 ). The immunocomplex analysis demonstrates, first, that endogenous ARID1B associates with human SWI/SNF complexes and, secondly, ARID1B is a mutually exclusive alternative to p270 in the complexes. The assay shown in Figure 4 also permits a direct comparison of the relative migration rates of p270 and ARID1B (lanes 1 and 2) . ARID1B migrates ahead of p270, consistent with their deduced amino acid lengths (accession numbers AF253515 for ARID1B and NM 006015 for p270). We estimate the relative molecular mass of ARID1B to be approx. 240 kDa.
p270 and ARID1B can partner with either ATPase
Human SWI/SNF complexes can contain either of two closely related ATPases, BRG1 and hBRM. Despite their close structural relationship, mouse genetics indicates that BRG1 and mammalian BRM are functionally distinct. Brm-null mice are viable and fertile, and heterozygotes are not prone to tumorigenesis [27] . In contrast, Brg1-null mice die at a pre-or peri-implantation stage, and the corresponding heterozygotes have heightened tumour susceptibility [28] . Expression of BRG1 and hBRM is activated at different times during early primate embryogenesis [23] , consistent with the evidence that they play different roles during development. Recent evidence indicates that BRG1 and hBRM associate with different promoters during cellular proliferation and differentiation, and interact preferentially with distinct classes of transcription factors [29] . The mutual exclusion of p270 and ARID1B raises the possibility that each ATPase has a specific associated ARID family subunit. To explore this question, endogenous p270-specific or ARID1B-specific complexes were immunoprecipitated from Saos-2 cell lysates and probed with antibodies targeted to either BRG1 or hBRM. The results show that each of the ARID-containing subunits partner with both ATPases in vivo ( Figure 5A ). The BRG1-specific antibody used in the present study is an mAb raised against an N-terminal peptide sequence that is not present in hBRM and is not cross-reactive. The hBRM-targeted antibody is a commercially prepared mAb, which may be cross-reactive in vivo [30] . To ensure that the antibody is detecting authentic hBRM, immunocomplexes were isolated from the TSU-Pr1 cell line. This line lacks BRG1 expression as a result of bi-allelic mutation [31] , but has relatively normal levels of hBRM ( Figure 5B ) as well as p270 and ARID1B (as shown in Figure 2 ). The antibody signal in TSU-Pr1 cells ( Figure 5C ) confirms that hBRM is associated in vivo with both the ARID proteins. The ability of each ARID protein to partner with both classes of ATPase-containing complexes expands the diversity of subunit combinations known to be present in cells.
Ratio of BRG1 in p270 versus ARID1B complexes
As discussed above, BRG1 is essential for tumour suppression and embryonic viability, whereas BRM is not [27, 28] . Therefore it is of particular interest to know how BRG1 complexes are specifically apportioned with respect to the p270 and ARID1B subunits. To address this question, saturating levels of antibody were used to immunoprecipitate either ARID1B complexes or p270 complexes from aliquots of Saos-2 cell lysate. The complexes were assayed by Western blotting using a chemiluminescence method for the presence of BRG1. A range of lysate amounts and a range of exposure times were included to ensure that signal would be obtained in a linear range (Figure 6 ). Quantification of the signal obtained in the 1 mg of lysate series at 15, 30 and 60 s exposure yielded ratios of BRG1 in p270 versus ARID1B complexes of 3.3, 3.7 and 2.8 respectively. By 3 min exposure, the signal from this series was no longer within the linear range. From this titration, we estimate that approx. 3.3-fold more BRG1 is associated with p270 compared with ARID1B in these cells. This is consistent with the relative amounts of p270 and ARID1B present in the cells, implying that the ARID subunits compete equally well for the complexes.
DNA-binding activity of ARID1B
The role of the ARID DNA-binding region in p270 and ARID1B is not clearly established. p270 binds DNA in a non-sequencespecific manner [9, 13] . Deletion of the ARID region of p270 moderately reduces its ability to enhance glucocorticoid receptor- The indicated amounts of Saos-2 cell lysates were immunoprecipitated with saturating amounts of p270-specific mAb PSG3 (lanes A) and ARID1B-specific mAb KMN-1 (lanes B). Immunocomplexes were separated by SDS/PAGE (8 % gel), transferred on to a PVDF membrane, Western-blotted with anti-BRG1 mAb and visualized by chemiluminescence assay. Different exposures were obtained at the indicated time points, and the ratio of the amount of BRG1 in the p270 complex to that in the ARID1B complex was quantified by densitometry. mediated transcription in a co-transfection reporter assay [10] . Deletion of the ARID-containing region from ARID1B abrogates its activity in a similar assay [18] . It is not clear whether differences in the severity of the effect result merely from assay conditions as opposed to true physiological differences in the role of the domain in the context of protein function. ARID1B binds DNA with an affinity comparable with that of p270 or the prototypical sequence-specific ARID family member Dri [13] , but experiments addressing the potential for sequence-specific binding by ARID1B have not been reported. Within the 94-residue ARID consensus, p270 and ARID1B differ at 17 amino acid positions; several of these are non-conservative changes. The potential of ARID1B for sequence-specific DNA-binding behaviour was evaluated in the present study in a DNA pull-down assay. Lambda phage DNA was cut with restriction enzymes to produce a large pool of DNA fragments of different sizes and a wide range of sequences. GST-fusion proteins were used to probe for preferential binding within the lambda DNA restriction fragment pool. The control ARID family protein Dri shows selectivity in this assay, as in other approaches [13, 25] . Increasing the stringency of the interaction by adjusting the salt concentration results in increasingly more specific preference for selected fragments ( Figure 7A, lanes 2-4) . In contrast, a p270 fusion protein binds the fragments with no obvious selectivity (lanes 5-7). Increasing stringency does not reveal a preference for specific fragments, except for the eventual selection of longer fragments over shorter ones, probably because there are more binding surfaces on longer pieces of DNA. An ARID1B fusion protein, identical in length with the p270 fusion protein, behaves like p270 in this assay, showing no selectivity for specific fragments except for increasing the selection of longer DNA pieces ( Figure 7B,  lanes 2-4) .
In the salt titration shown in Figure 7 , relatively little DNA remains bound to the ARID1B protein after the 200 mM salt wash, raising the possibility that ARID1B has a weaker DNA-binding affinity when compared with p270. However, a previous analysis on DNA-cellulose affinity columns showed indistinguishable elution profiles for p270 and ARID1B [13] . The in vitro translated ARID1B peptide used in that assay was longer than the p270 protein with which it was compared and also longer than the respective GST-fusion protein segment analysed here. To control the possibility that sequences outside the ARID region contribute to DNA-binding affinity, a smaller expression vector, designed to be identical in length with p270, was constructed. The 35 S-labelled in vitro translated peptides were applied to native DNA-cellulose columns and washed with increasing salt concentrations. The p270 and ARID1B proteins again show similar elution profiles (Figure 8 ), reaching a peak at the same fraction determined previously. Both the proteins begin to be eluted at the 200 mM salt concentration; therefore, the difference seen in the pull-down assay might reflect slightly different sensitivities over this range.
DISCUSSION
Generation of mAbs that react selectively with either p270 or ARID1B has allowed us to probe the expression of ARID1B and its potential interaction with human SWI/SNF complexes in vivo. These screens indicate that ARID1B levels are normally low relative to p270. A survey of tumour cell lines of various tissue origins, including cervix, adrenal cortex, breast, prostate, bladder and bone, indicates that ARID1B is widely expressed and that its expression level relative to p270 is fairly constant. Analysis with mAbs whose signal equivalence was checked by reaction against purified p270 and ARID1B GST-fusion proteins, combined with Northern-blot results using directly comparable probes, suggest that the ratio of p270 to ARID1B in most cells is approx. 3.5:1. The immunocomplexes confirm that endogenous ARID1B is associated with SWI/SNF complexes and show that p270 and ARID1B, similar to BRG1 and hBRM, are alternative, mutually exclusive subunits of the complexes. The ARID-containing subunits are not specific to the ATPases. Each associates with both BRG1-and hBRM-containing complexes, thus increasing the number of distinct subunit combinations known to be present in cells. Titration of the ARID subunit-associated BRG1 signal in Saos-2 cells indicates that BRG1 is distributed proportionally between the two ARID subunits.
The mAbs described here are unique reagents. Previous reports were unable to clarify whether p270 and ARID1B are present in distinct complexes [18, 20, 21] or conflicted in their conclusions about the associations between the two ARID proteins and the two ATPases [18, 22] . All of the interactions discussed in the present study were probed with endogenous proteins under normal physiological conditions, under conditions permitting a relatively quantitative analysis not possible previously. The in vivo analysis does not address the question whether the association of the ARID proteins and ATPases is direct, but in vitro association data indicate that the interaction is direct and requires the C-terminal portion of the ARID proteins [18] .
The functional distinction between p270 and ARID1B-containing complexes is not yet known. The expression profiles of p270 and ARID1B are distinguishable during early primate development, similar to BRG1 and hBRM [23] , implying that the ARID-containing subunits also have distinct functions. Expression patterns of p270 (synonym: Osa1) and ARID1B (synonym: BAF250b) have been examined during mouse development, but have not been compared directly, although differences do appear to exist [22, 32] . Transient transfection assays reveal similar abilities to enhance expression from steroid hormoneresponsive promoters; however, it is clear that more physiologically relevant assays are needed to distinguish the roles of each protein. Knockdown studies are in progress in our laboratory and they should offer an indication of the respective biological roles of p270 and ARID1B in differentiating cells.
